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Abstract. In the present work, we propose to search the charmonium-like states Zc(3900) and Zc(4020) in the Bc decay.
In an effective Lagrangian approach, the branching ratios of B+c → Zc(3900)+π0 and B+c → Zc(4020)+π0 are estimated to
be of order of 10−4 and 10−7, respectively. The large production rate of Zc(3900) could provide an important source of
the production of Zc(3900) from the semi-exclusive decay of b-flavored hadrons reported by D0 Collaboration, which
can be tested by the exclusive measurements in LHCb.
1 Introduction
The charmonium-like state Z±c (3900) (abbreviate to Zc here and
after) was first observed in the J/ψπ± invariant mass spectrum
of e+e− → π+π−J/ψ by BESIII and Belle Collaborations [1,2],
and then confirmed in D∗D¯ invariant mass spectrum of e+e− →
π±(DD¯∗)∓ process [3]. The spin and parity quantum numbers of
the Zc had been determined to be J
P = 1+ by the partial wave
analysis of the process e+e− → π+π−J/ψ [4]. As a partner of
Zc, Zc(4020) (abbreviate to Z
′
c here and after), was discovered
in the hcπ
± invariant mass spectrum of e+e− → π+π−hc [5]
and confirmed in the D∗D¯∗ invariant mass spectrum of e+e− →
(D∗D¯∗)±π∓ process [6] by the BESIII Collaboration.
The decays Z±c (3900) → J/ψπ± and Z±c (4020) → hcπ±
indicates Z+c and Z
′+
c most likely contains at least four constitute
quarks. Thus these two states can be good candidates of
tetraquark states. In Ref. [7], Zc was considered as the charm
counterpart of Zb(10610) with [cq][cq¯] tetraquark configura-
tion, and the mass estimated by using QCD sum rule (QSR)
was consistent with the observed one of Zc within the errors.
The authors in Refs. [8–12] assigned both Zc and Z
′
c as
a diquark-antidiquark tetraquark state with JP = 1+, but
the estimation in Ref. [12] indicated that the lowest axial-
vector tetraquark sates dominantly decay into J/ψπ, while their
open charm decay modes were strongly suppressed , which is
contrast with the experimental measurements. By reanlaysing
the experimental data of J/ψπ invariantmass spectrum from the
BESIII and Belle collaboration, the authors indicated that the
data may contain another resonance and this resonance as well
as Zc(3900) could be tetraquark states [13]. There are also some
estimation based on constitute quark model, such as, QCD
confining model based on SU(3) flavor symmetry [14], color
flux-tube model with a four-body confinement potential [15],
relativized diquark model [16], and in Ref. [17], the structures
observed in J/ψπ and D∗D¯ were not the same, the former one
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could be interpreted as a [Qq¯][Q¯q] tetraquark state, while the
latter one was considered as a [Qq][Q¯q¯] tetraquark state.
It should be notice that the observed masses of Zc and Z
′
c
are in the vicinity of D∗D¯ and D∗D¯∗ thresholds, respectively,
thus, they have been considered as the molecular or resonance
states resulted from the D∗D¯(∗) interactions. The estimations
in a one-boson-exchange model indicated that Zc and Z
′
c could
be molecular states composed of DD¯∗ + c.c and D∗D¯∗, respec-
tively [18–21], where the long range pion exchange plays an
important role. By using a D∗D¯∗ interpolating current within
QSR, the mass of the molecular state was consistent with
Z′c [22]. The decay behaviors of Zc and Z
′
c were estimated in
a phenomenological Lagrangian approach [23, 24]. In Refs.
[25, 26], the hidden charm decays of Zc and Z
′
c were estimated
based on heavy quark symmetry. The estimations in Ref. [27]
indicated that the hidden charm decays of Zc and Z
′
c could
be understood by the final states interactions, which indicated
that these two charmonium-like states could be molecular
candidates. In Ref. [28], the charmless decays of Zc and Z
′
c
were investigated in an effective Lagrangian approach. With
final states interaction effect, a pole corresponding to Zc in
the complex energy plane in different Riemann sheets could
be found, which supported Zc as a D
∗D¯ + c.c molecular state
[29]. By considering the couple channel effect of πJ/ψ − D¯∗D
interaction, Zc was found to be a virtual state [30].
Besides the tetraquark and molecular scenarios, there are
also some nonresonance interpretations, such as cusp effect
[31, 32] and initial single pion emission mechanism [33, 34],
in which Zc and Z
′
c were considered as the kinetic effects due
to D∗D¯ + h.c and D∗D¯∗ interactions, respectively. In addition,
the Lattice QCD estimations also indicated that Zc is not a
conventional resonance but a threshold cusp [35, 36].
In addition to the mass spectrum and decay behaviors,
the production process can also provide some important in-
formation of the internal structures of Z
(′)
c , thus investigating
the productions of Z
(′)
c in different processes are very critical.
The observed process Y(4260) → Zcπ were investigated in
2 Qi Wu et al.: Production of Zc(3900) and Zc(4020) in Bc decay
B+
c
pi0
Z+
c
ρ+
J/ψ
pi+ B
+
c
pi0
Z ′+
c
ρ+
hc
pi+
(a) (b)
Fig. 1. Sketch diagrams for Bc → Zcπ (diagram a) and Bc → Z′cπ
(diagram b).
Ref. [37], where Y(4260) and Zc were treated as DD¯1 + c.c
and D∗D¯ + c.c molecular states, respectively. In Ref. [38], a
large cross sections for γp → Z+c n was predicted , however,
the COMPASS Collaboration found no evidence of Zc, and
an upper limit for the ratio B(Zc → J/ψπ) × σ(γN →
ZcN)/σ(γN → J/ψN) were measured to be 3.7 × 10−3 at 90%
credit level. The cross section for the Pion-induced production
of Zc off a nuclear target was estimated in Ref. [39], where the
nuclear target will enhance the meson productions. Recently,
Zc is observed in the J/ψπ invariant mass spectrum of the semi-
inclusive weak decays of b-flavored hadron [40]. However, in
the exclusive B decay process, such as B → KJ/ψππ [41] and
B → KD∗D¯ [42] , no signal of Zc is observed. Then, searching
for the source of Zc production in the semi-inclusive b-flavor
hadron decay will be interesting. In addition, the production of
Zc and Z
′
c are similar in electron-positron annihilation process,
weather such kind of similarity still holds in b−flavored hadron
decay is a question needed to be answer. Comparing to B0s ,
B+c should more easily be detected experimentally, thus, in the
present work, we investigate Z
(′)
c production in the B
+
c decays.
The experimental measurements indicate that Z
(′)
c domi-
nantly decay into a pair of charmed meson or a charmonium
and a pion. Thus, we have two choice to connect Z
(′)
c with
the mother particle B+c , one is through the charmed meson
loop and the other is via the loop formed by a charmonia
and a light meson. Theoretical estimations of the branching
ratios of two charm meson decays of B+c are of order of 10
−6
[43–46], and the LHCb collaboration havemeasured the decays
of B+c → D(∗)+(s) D¯(∗)0 and B+c → D(∗)+(s) D(∗)0 and no signals was
found [47]. Thus, the scenario of Z
(′)
c productions from B
+
c
decay via a charmed meson loop should be rule out. As for
the second choice, one should notice that B+c → cc¯ + ρ+ is a
CKM enhanced mode with (∆b = 1, ∆C = 1, ∆S = 0) and
B(B+c → J/ψ/hc + ρ+) were predicted to be of order of 10−3
[46, 48]. The ρ meson dominantly decays into a pair of pion,
thus, there should exists meson loops composed of J/ψρ/hcρ
in the decay channel Bc → Zcπ/Z′cπ as presented in Fig. 1.
Furthermore, all the involved mesons in the loops could be
on-shell and the contributions from such loop will be further
enhanced, thus Bc → Z(′)c π might be a gold channel of Z(′)c
production from b flavor mesons.
This work is organized as follows. After introduction, we
present formula of decays of Bc → cc¯ρ and the amplitudes of
the meson loop contributions to Bc → cc¯ρ → Z(′)c π in Sec. 2.
The numerical results and discussions are given in Sec. 3, and
Sec. 4 is devoted to a short summary.
2 Theoretical framework and the decay
amplitudes
The weak decays of Bc → (cc¯)ρ have been well investigated
in the literatures [46, 48]. For the completeness of this paper,
we just present a short review of the decay amplitudes of
Bc → (cc¯)ρ, which will be used in our following estimations.
At the quark level, the process happened in B+c → cc¯+ρ+ is the
weak decay b¯ → c¯ud¯ and the charm quark as a spectator. The
effective Hamiltonian related to B+c → cc¯ + ρ+ is [46]
He f f = GF√
2
VcbV
†
ud
[c1(c¯b)V−A(d¯u)V−A + c2(d¯b)V−A(c¯u)V−A]
+h.c., (1)
where the subscript V −A denotes the left-chiral current γµ(1−
γ5), c1 and c2 is the Wilson coefficients.
The decay amplitudes for the non-leptonic decays can
be formulated into the three factors: the non-leptonic decay
constants, the weak current matrix elements and the relevant
coefficients in the combinations. In particular, the non-leptonic
decay constant are defined by hadronic matrix elements
〈0|Jµ|ρ(k, ε)〉 = fρεµmρ, (2)
where fρ stands for leptonic decay constant of ρ meson, εµ
denotes the polarization of the vector meson, and the current
Jµ is Jµ = q¯1γµ(1 − γ5)q¯2. The transition matrix element
between Bc and (pseudo-)vector meson can be expressed in
the combination of four form factors, V , A0,±, which are the
function of the square of the transfer momentum between Bc
and vector meson. The transition matrix element could be
expressed as [49–53]
〈(cc¯)J=1(p2, ǫ) |Jµ| B+c (p)〉 = ǫ∗ν
[
iεµναβPαQβV(Q
2)
−gµν(P · Q)A0(Q2) + PµPνA+(Q2) + QµPνA−(Q2)],
(3)
where (cc¯)J=1 indicates J/ψ and hc here and after and Pµ =
(p + p2)µ and Qµ = (p − p2)µ 1. The concrete expression of the
form factors V, A0,± will be discussed in the following section.
1 Actually, the expressions of the transition matrix in Refs. [49, 50,
53] is not exactly the same as Eq. (3). As for Bc → J/ψ, the transition
matrix defined in Refs. [49, 50] is,
〈J/ψ(p2, ǫ∗)|Jµ|Bc(p)〉 =
ǫ∗ν
mBc + mJ/ψ
[
iεµναβPαQβV(Q
2)
−gµν(P · Q)A0(Q2) + PµPνA+(Q2) + QµPνA−(Q2)], (4)
and the one of Bc → hc presented in Ref. [53] is,
〈hc(p2, ǫ∗)|Jµ|Bc(p)〉 = 1
mBc − mhc
εµναβǫ∗ν PαQβV(Q
2)
−i(mBc − mhc )(ǫ∗µ −
ǫ∗ · P
Q2
Qµ)A+(Q
2) − i[ − ǫ∗ · P
mBc − mhc
Pµ
+(mBc + mhc )
ǫ∗ · P
Q2
Qµ
]
A−(Q
2) − i2mhc
ǫ∗ · P
Q2
QµA0(Q
2). (5)
One can find the expressions of the transition matrix in Eqs. (4) and
(5) can be reduced to the form of Eq. (3) by absorbing some constant
factors into the form factors.
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With Eqs. (1)-(3), one can get the decay amplitude of Bc →
ρ(cc¯)J=1,
M[B+c (p)→ ρ+(p1)(cc¯)J=1(p2)]
≡ Aµν(P, Q)ǫµ(p1)ǫν(p2), (6)
whereAµν(P, Q) is defined as
Aµν(P, Q) = GF√
2
VcbV
†
ud
a1 fρmρ
[
iεµναβPαQβV(Q
2)
−gµνP · QA0(Q2) + PµPνA+(Q2)
+QµPνA−(Q2)
]
, (7)
where the Fermi coupling constant GF = 0.16637 × 10−5
GeV−2, the CKMmatrix elements |Vcb| = 0.0405, |Vud| = 0.974
[54], and a1 = c1 +
1
Nc
c2 with Nc = 3 to be the number of color.
In the present work, we take a1 = 1.14 [46]. The decay constant
of ρ meson is taken as fρ = 221 MeV [55, 56].
As shown in Fig.1, the initial Bc and final Z
(′)
c π could
be connected by meson loops composed by (cc¯)J=1ρ. In the
present work, we estimate the meson loop contribution in an
effective Lagrangian approach. Besides the effective interac-
tions of Bc → (cc¯)J=1ρ as shown in Eq. (7), we still need the
effective Lagrangian for ρππ, which is [57, 58]
Lρππ = −igρππρ+µ
[
π0∂µπ+ − ∂µπ0π+], (8)
where the coupling constants gρππ = 6.05 [55], which is
determined from the ρ→ ππ partial width.
The JP quantum numbers of Z
(′)
c are 1
+, thus Zc couples
to J/ψπ via S -wave, while Z′c couples to hcπ via P-wave.
Considering the chiral symmetry, the effective Lagrangian
related to Z
(′)
c are [39, 59, 60]
LZcψπ = gZcψπ∂µψν(∂µπZνc − ∂νπZµc ),
LZ′chcπ = gZ′chcπεµναβ∂µhνcZ′αc ∂βπ + H.c., (9)
respectively. The coupling constants in the Lagrangian will be
discussed in the next section.
The amplitude of B+c (p) → ρ+(p1)J/ψ(p2)[π+(q)] →
π0(p3)Z
+
c (p4) corresponding to Fig. 1a is
Ma = (i)3
∫
d4q
(2π)4
Aµν(P, Q)[gρππ(q − p3)ξ]
[ − gZcψπp2ρ(qρǫσ4 − qσǫρ4 )]
−gµξ + p1µp1ξ/m2ρ
p2
1
− m2ρ
−gνσ + p2νp2σ/m2ψ
p2
2
− m2ψ
1
q2 − m2π
F (q2,m2π), (10)
and in a similar way, one can get the amplitude of B+c (p) →
ρ+(p1)hc(p2)[π
+(q)] → π0(p3)Z′+c (p4) corresponding to orre-
sponding to Fig. 1b, which is,
Mb = (i)3
∫
d4q
(2π)4
Aµν(P, Q)[gρππ(q − p3)ξ]
Table 1. The values of the parameters F(0), a and b in the form factors
of Bc → J/ψ and Bc → hc [50, 53]. Here, one should notice that these
parameters correspond to the definitions in Eqs. (4) and (5)
(cc¯) Parameters A0 A+ A− V
F(0) 1.65 0.55 -0.87 0.78
J/ψ a 1.19 1.68 1.85 1.82
b 0.17 0.70 0.91 0.87
F(0) 0.64 0.50 -0.32 0.07
hc a 1.92 1.54 2.63 2.32
b 0.39 0.24 0.63 0.49
[ − gZ′chcπερστλǫ4ρp2τqλ]
−gµξ + p1µp1ξ/m2ρ
p2
1
− m2ρ
−gνσ + p2νp2σ/m2hc
p2
2
− m2
hc
1
q2 − m2π
F (q2,m2π), (11)
where F (q2,m2π) is a form factor introduced to depict the
structure effects of the exchanged pion meson. In the present
work, a monopole form form factor is adopted, which is,
F (q2,m2π) =
m2π − Λ2
q2 − Λ2 , (12)
where Λ is a parameter, which is of order 1 GeV [61–64].
3 Numerical results and discussion
Before we estimate the partial width of B+c → Z(′)+c π0, we
have to discuss the coupling constants gZc J/ψπ and gZ′chcπ.
Experimentally, Zc dominantly decay into D
∗D¯+ c.c and J/ψπ,
and the ratio of these two channels are measured to be 6.2 ±
1.1± 2.7.With the center value of Zc width and the assumption
that the width of Zc comes from the partial widths of D
∗D¯ and
πJ/ψ, we can get the partial width of Zc → πJ/ψ, and then the
estimated coupling constant gZc J/ψπ is
gZc J/ψπ = 0.47 GeV
−1. (13)
In a similar way, one can estimate the coupling constant gZ′chcπ.
We suppose Z′c dominantly decay into D
∗D¯∗ and hcπ and the
ratio of the partial widths of these two decay modes were
measured to be 12.0 ± 3.3 [5, 6], then with the center values of
the width and the ratio, we can get the partial width of Z′c → hcπ
and the corresponding coupling constant gZ′chcπ, which is
gZ′chcπ = 0.65 GeV
−1. (14)
In the weak interaction vertex, there are four form factors,
which are V(Q2), A0,±(Q2). As indicated in Ref. [65], the form
factors are usually estimated in the quark model, thus, the form
factors are known only in spacelike region. Thus, one need to
analytically continue the form factors to the timelike region,
where the physical decay processes are relevant. In Ref. [50],
the form factors for Bc → J/ψ are parameterized as the form
F(Q2) =
F(0)
1 − aζ + bζ2 . (15)
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Table 2. Values of parameters Λ1, Λ2 and Λ3.
(cc¯) Parameter A0 A+ A− V
Λ1 10.0 9.05 7.35 7.69
J/ψ Λ2 7.30 6.13 6.34 6.24
Λ3 17.0 15.9 16.3 16.2
Λ1 7.02 7.88 6.05 6.43
hc Λ2 7.02 7.88 6.05 6.41
Λ3 14.0 14.0 14.0 14.0
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Fig. 2. Branching ratios of Bc → Zcπ (right panel) in unit of 10−4 and
Bc → Z′cπ (left panel) in unit of 10−7 depending on parameter Λ.
As for Bc → hc, the form factors are parameterized as [53].
F(Q2) = F(0) exp(aζ + bζ2), (16)
with ζ = Q2/m2
Bc
and F(0), a and b are parameters. For
completeness of the present work, we collect the values of these
parameters in Table 1.
In order to avoid ultraviolet divergence in the loop integrals
and evaluate the loop integrals with Feynman parameterization
methods, we further parameterize the form factors in the form
F(Q2) = −F(0) Λ
2
1
Q2 − Λ2
1
Λ2
2
Q2 − Λ2
2
Λ2
3
Q2 − Λ2
3
, (17)
where the values of Λ1, Λ2 and Λ3 are obtained by fitting
Eqs. (15) and (16) with Eq. (17) and the fitted parameter values
are list in Table 2.
In the present work, there is only one model parameter,
Λ, which is introduced by the form factor in the amplitudes
and generally, the magnitude of Λ is of order 1 GeV. In Fig.
2, we present the Λ dependence of the branching ratio of
B+c → Z(′)+c π0. Here, we varies Λ from 1 GeV to 1.5 GeV, and in
this parameter range, we find the branching ratio of B+c → Z+c π0
monotonously increases with the increasing of Λ. In particular,
the branching ratio is predicted to be (1.71−6.37)×10−4, which
is large enough to be detected in further exclusive Bc decays.
This is comparable to the branching ratio of Bc → X(3872)π in
a model calculation [66,67]. As for B+c → Z′c+π0, the branching
ratio is estimated to be (2.34 − 5.92) × 10−7, which is about 3
order smaller than the one of B+c → Z+c π0.
Our estimation indicates a strong suppression of Z′c produc-
tion from Bc decay comparing to the case of Zc production.This
suppression is partially resulted from the P-wave coupling of
Z′chcπ. Further more, in the estimation of Bc → Zcπ, the term
related to V(Q2) in Eq. (7) vanishes after performing the loop
integral in Eq. (10). While for Bc → Z′cπ, only the term related
to V(Q2) survive, which further suppress Z′c production from
B+c decay.
4 Summary
After the observations of Z
(′)
c by BES III and Belle Collab-
orations, the specific properties of these two charmonium-
like states have stimulated great interests of theorist and ex-
perimentist to reveal their nature. Addition to mass spectrum
and decays of the charmonium-like states, searching more
production process are also interesting. Besides the electron-
positron annihilation, the signal of Zc have been observed in the
semi-exclusive b−flavored hadron. However, the charmonium-
like state Zc were not observed in the B meson decay, such as
B → KJ/ψππ and B → KD∗D¯. Thus, searching for the source
of Zc production in the semi-inclusive b-flavor hadron decay
will be intriguing.
In present work, we investigate Z
(′)
c production from B
+
c
decay. We find that production process can occur via (cc¯)J=1ρ
meson loop, which could enhance the rates of Bc → Z(′)c π since
all the internal mesons could be on-shell. Our estimation shows
that the branching ratio of B+c → Z+c π0 is of order of 10−4,
which indicates that Zc production from Bc decay could be a
important source of Zc production from the b-flavored hadron
semi-exclusive decay. Such a large branching fraction can also
be tested by the exclusive decay of B+c by LHCb. As for Z
′
c, we
find the branching ratio of B+c → Z′+c π0 is three orders smaller
than the one of B+c → Z+c π0, which indicate strong suppression
of Z′c production from Bc decay.
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